Chemistry of Epoxy Compounds. XV.! Ozxidation
of Linoleic Acid with Peracetic and Performic Acid?

By DANIEL SWERN AND GERALDINE BILLEN DICKEL

The oxidation of monounsaturated fatty ma-
terials with organic peracids has been studied ex-
tensively and is well understood but similar syste-
matic investigation of polyunsaturated analogs has
not been carried out.  In the few scattered litera-
ture reports (for a review of the literature, see ref-
erences 3 and 4), purity of starting materials is
often unknown and open to serious question, yields
of products are low and, of major importance, the
nature of the main reaction course is not known
with certainty. This note describes the oxidation
of a linoleic acid concentrate (90-949, cis,cis-9,12-
octadecadienoic acid) with peracetic and per-
formic acid. The oxidation reactions were fol-
lowed quantitatively by measuring consumption of
peracid with time and reaction products were iso-
lated and identified.

The oxidation of linoleic acid with peracetic and
performic acid proceeds normally, contrary to
earlier conclusions.®* With peracetic acid, epoxi-
dation is the predominating reaction. When
two moles of peracetic acid is used per mole of lino-
leic acid, 9,10,12,13-diepoxystearic acid is the main
product. With one mole of peracetic acid, mono-
epoxyoctadecenoic acid is obtained. With performic
acid (prepared in advance or ¢z situ) in excess formic
acid, the expected hydroxyformoxy compounds,
resulting from the opening of the oxirane rings of
diepoxystearic acid with formic acid, are obtained.
Contrary to expectations, however, hydrolysis of
the hydroxyformoxy compounds, diepoxystearic

acid or the hydroxyacetoxy compounds formed on

opening fhe oxirane rings of diepoxystearic acid
with acetic acid results in poor yields of the ex-
pected tetrahydroxystearic acids. . The failure to.
obtain good yields of tetrahydroxystearic acid on
hydrolysis of these intermediates . has  been re-
ported by others,®8 and differs from the usual ex-
perience with monoepoxy compounds or their cor-
responding hydroxyacyloxy compounds, .in which
quantitative yields of dihydroxy compounds (a-
glycols) can be obtained. '

Experimental

Starting Material.—Linoleic acid (composition: 90-94%
linoleic, 3-6% oleic, 1% linolenic, 1—3‘% saturated) was
prepared from tobacco seed oil” (1100 g.) by mild, rapid
hydrolysis,® followed by fractional crystallization of the re-
sulting mixture of fatty acids (1030 g.) from acetone (6 ml./
g.) at —20° to precipitate saturated acids, and then at —50°
(after dilution of the first filtrate to 14 ml./g.) to precipitate
oleic acid. These precipitates weighed 125 and 225 g., re-
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spectively. Recovery of acetone from the filtrate. yielded
660 g. of dark-yellow linoleic acid concentrate, which on
distillation through a short Vigreux column yielded 610 g.-
of almost colorless linoleic acid concentrate, b.p. 145-160°
(0.005-0.1 mm.), n*p 1.4673, and iodine nunber, 171-173.

Linoleic acid concentrates of comparable limleic acid con-
tent have also been prepared from corn oil >r safflower oil

fatty acids by the urea complex precipitatbn technique,

thereby eliminating the low-temperature crydallizations.?

Peracetic acid in acetic acid solution was pepared as de-
scribed earlier.® Performic acid was usually orepared and
utilized in situ.4

Epoxidation of Linoleic Acid with Peracet: Acid. (a)
9,10,12,13-Diepoxystearic Acid.—Twenty-eigh grams of
linoleic acid (iodine number 172; 0.19 mole of duble bond)
was placed in a 1-1. three-neck flask immersed inin ice-bath.
When the contents had cooled to 10-15°, aproximately
390 g. of 0.6-0.7 M peracetic acid in acetic acid.slution was
added to supply 0.23-0.27 mole of peracid (20-0%, excess
over that required for both double bonds). Tie peracid
was added within 2-3 minutes, with efficient stiring, while
the reaction temperature was maintained at 20°. Samples
were removed every hour and the consumption olperacetic
acid was followed quantitatively.* After 5 hour:approxi-
mately 0.19 mole of peracetic acid had been consmed and
its rate of consumption had become negligible. ithin 2
hours after the reactants were mixed, 0.17 mole of eracetic
acid had been consumed.) The reaction mixture 'as then
poured into several volumes of an ice~water mixtui. The
white fine granular solid which precipitated wasfiltered
with suction and washed on the funnel with several ters of
cold water. After it was dry, the crude reaction roduct
weighed 28.6 g., m.p. 59-67°, oxirane oxygen, 719%u;
neut. equiv. 315; sapon. equiv. 295, iodine number2-16,
ester content about 49,. Its composition was oxirancom-
pounds 80%; hydroxyacyloxy compounds, 4%; mnoxi-
dized, 89%,; saturated substances originally present the
starting material, 1-39%, unaccounted for, 5-79%,.

The crude reaction product was crystallized twicerom
acetone, the first time at —20° (2 ml./g.) and the secd at
0° (5 ml./g.), yielding 10 g. of 9,10,12,13-diepoxysuric
acid, m.p. 77.8-78.2° (lit. 79°)!? oxirane oxygen 9.7
neut. equiv. 315 (caled.: oxirane oxygen 10.2%, wut.
equiv. 312).

(b) Monoepoxyoctadecenoic Acid.—The epoxidationx-
periment described above was repeated except that 0.1 nje
of peracetic acid (5% excess over that required for one doye
bond) was employed for 28 g. (0.19 mole of double bond,f
linoleic acid. After three hours, consumption of peraj
became negligible (0.097 mole consumed) and the reacty
mixture was poured into a mixture of ice and water. They
which separated was dissolved in ether and the ether sol
tion was washed acid-free and dried over calcium sulfat
The non-volatile residue obtained after evaporation of tt
ether was a straw-colored oil and consisted mainly of monc
epoxyoctadecenoic acid, 28 g.; iodine number 85, oxirant
oxygen 4.38%, neut. equiv. 305, sapon. equiv. 280 (calcu-
lated for monoepoxyoctadecenoic acid: iodine numiber 86,
oxirane oxygen 5.41%, neut. and sapon. equiv. 296).

Crystallization of monoepoxyoctadecenoic acid from ace-
tone (2 ml./g.) at —50° yielded about 10 g. of precipitate
(liquid at room temperature). This was recrystallized three
times at —20° yielding 0.4 g. of 9,10,12,13-diepoxystearic
acid, m.p. 74-77°, and neut. equiv. 317. A mixed melting
point with authentic 9,10,12,13-diepoxystearic acid showed
no depression.

Hydroxylation of Linoleic Acid with Performic Acid.—
Performic acid was prepared by mixing 30.5 g. of 25.2%,
hydrogen peroxide (0.23 mole) with 275 g. of 98-100%
formic acid in a three-neck flask and allowing the solution
to stand for one hour at room temperature (26°). The
flask and contents were immersed in an ice-bath and 28 g.
(0.19 mole of double bond) of linoleic acid was added all at
once with efficient agitation (in larger scale runs the linoleic
acid was added dropwise). After a short induction period,
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the reaction became strongly exothermic and the reaction
mixture became homogeneous. The temperature was
maintained between 25-30°. After two hours, consumption
of peracid beaame negligible and the reaction mixture was
poured into several volumes of a mixture of ice and water
in a separatow funnel. The oil which separated was dis-
solved in etha and the ether solution was washed free of
acid and driec. ~Evaporation of the ether yielded 36 g. of a
pale-yellow iscous pil consisting predominantly of dihy-
droxydiforme&ystearic acid; neut. equiv. 389, iodine
number 3 (alculated:_ neut. equiv. 404, iodine number 0).

Substantilly identical results were obtained when hy-
drogen percide (2.5-20% excess), formic acid and linoleic
acid were rixed, and the performic acid prepared and util-
ized in sit: at 40°. With small excesses (2.5-5%) of hy-
drogen pepXide, reaction times were usually about 6 hours.
The iodin Dumbers of the crude reaction products were 3
or less, idicating stoichiometric utilization of hydrogen
peroxide,dut some hydrolysis of formate ester occurred be-
cause of fte longer reaction time.

Hydrorsis of the hydroxyformoxy compounds at room
temperaire for 24 hours or under reflux for 5 minutes to
several burs with 1 to 6 N aqueous sodium hydroxide fol-

lowed by acidification at room temperature or 100° with
dilute aqueous hydrochloric acid yielded yellow oils with
neutralization equivalents in the range of 330-350 (calcu-
lated for tetrahydroxystearic acid 348). Attempted solu-
tion of these oils in ether yielded a small quantity of in-
soluble white solid (about 2 g. from 28 g. of oil), identified
as 9,10,12,13-tetrahydroxystearic acid, m.p. 145-147°
(lit. 148°,5 146°%) and neut. equiv. 350.

. NOTE ADDED IN PrROOF.—In the reaction of linolenic (cis,
cis, ¢15-9,12,15-octadecatrienoic) acid with excess perbenzoic
acid exactly three atoms of active oxygen are consumed per
mole of trienoic acid. Ninety per cent. of the consumed
oxygen can be shown by analysis to be present in the mole-
cule as oxirane oxygen. Details will be published at some
later date.
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